Two new procedures-a four-key choice procedure and a four-ply multiple fixed ratio schedule procedure-were used to train pigeons to categorize color slides depicting natural (cat, person, flower) and human-made (car, chair) objects. In Experiments IA, IB, 2A, and 2fl, 16 pigeons trained with 10 slides from each of four categories reliably classified novel examples from these categories. However, performance was more accurate on training than on novel stimuli. In Experiment 3, 8 pigeons learned to classify 2,000 nonrepeating slides. Thus, repetitive training with a limited number of stimuli is not necessary for pigeons to learn a four-category classification task. In Experiment 4, 4 pigeons were trained with a set of repeating slides while concurrently being trained with novel stimuli. As in Experiments IA, IB, 2A, and 2e, performance here was more discriminative on repeatedly seen stimuli than on novel ones. Thus, repetition facilitates categorization, whether or not the pigeons are concurrently exposed to novel stimuli. The implications of these results for models of categorization are discussed. We conclude that the conceptual abilities of pigeons are more advanced than hitherto suspected.
The ability to categorize objects and events in the environment and to extend these classifications to new instances is fundamental to many human cognitive activities, such as language. Since relatively early in the history of experimental psychology (e.g., Hull, 1920) , a considerable amount of research has been directed at parametric and structural analyses of conceptual behavior, such as categorization, in humans (Homa, 1984; Smith & Medin, 1981) . A new development in the last two decades has been the realization that traditional analysis of categorization was confined generally to what Neisser (1967) has termed well-defined categories: those characterized by a set of separately necessary and jointly sufficient features. But most natural language categories defy such clear characterization and are therefore ill-defined, or "fuzzy" (see Smith&Medin, 1981) . Since the late 1960s, many researchers have studied such fuzzy categorization in humans (see Homa, 1984; Mervis & Rosch, 1981; Smith & Medin, 1981) .
Researchers studying conceptual behavior in animals have also adopted the use of fuzzy categories in classification studies. These studies have mainly involved the discrimination of pictured objects from human language categories. One of the earliest such reports of picture categorization in animals can be found in Hayes and Hayes (1953; also see pp. 337-342 in Kohler, 1925) . In one part of that study, the chimpan-zee Vicki had to choose between pictures of two different object categories (such as dog, cat, house, telephone, etc.) for reinforcement. Every trial consisted of new pictures of different members from the two classes. A different set of categories was used every day; the first trial served as the training trial. Vicki learned to perform this task without difficulty. In another part of the study, Vicki learned to match a real object with a picture of an object from the same class, even though the picture did not depict the same object. Davenport and Rogers (1971) , Schrier, Angarella, and Povar (1984) , Gardner and Gardner (1985) , and others have since reported categorization in primates. Herrnstein and Loveland (1964) pioneered a type of research task aimed at studying conceptual behavior in pigeons. In their study, pigeons' key pecks were reinforced on a variable interval 1-min schedule in the presence of slides containing humans, but not in the presence of slides not containing humans. The pigeons learned to discriminate between the two classes of stimuli, in spite of the fact that there was great variation in the content of the slides used to define the two classes. Mallot and Siddal (1972) , using a learning-to-learn paradigm, and Siegel and Honig (1970) , using both simultaneous and successive training procedures, have replicated this result. Other avian species such as bantams (Ryan, 1982) , budgerigars (Trillmich, 1976) , blue jays (Pietrewicz & Kamil, 1977) , and the African grey parrot (Pepperberg, 1983) have been reported to form broad natural categories.
In addition to the human versus nonhuman classes, pictures of a variety of different natural categories (e.g., fish vs. nonfish, tree vs. nontree) have been used in pigeon concept learning studies (Cerella, 1979; Herrnstein, 1979; Herrnstein & deVilliers, 1980; Herrnstein, Loveland, & Cable, 1976; Lubow, 1974; Poole & Lander, 1971; Vaughan & Herrnstein, 1987) . In these studies, the typical paradigm employed has been one in which one class of pictures is associated with some reinforcement schedule and another class is associated with ex-219 tinction-a go/no-go procedure. Moreover, the pigeons have been trained with only one category (e.g., tree); the other class of slides has typically depicted the complement of this category (e.g., nontree).
In the present set of experiments we explored the possibility that pigeons can concurrently classify stimuli from at least four different object categories. The complexity of making many different responses to many different classes of stimuli more closely resembles human categorization than does discrimination between the presence versus absence of a single class of objects. Moreover, Herrnstein (1985) has reported the failure for pigeons to discriminate between the presence versus absence in pictures of a single class of "artificial" objects such as chairs, wheeled vehicles, and bottles. Two of the four categories in the present set of experiments were such artificial classes.
To train pigeons concurrently to classify stimuli from four different categories, we developed two new procedures for classification learning. One procedure was a choice method, in which pigeons were trained to peck one of four keys in the presence of stimuli from a particular category. Different categories were associated with different keys; thus, one key was used to report stimuli from one category, a second key was used to report stimuli from a second category, and so on. The second procedure used a multiple fixed ratio schedule. Pigeons' key pecks were reinforced on one fixed ratio schedule in the presence of stimuli from one category; key pecks were reinforced on a second fixed ratio schedule in the presence of stimuli from a second category, and so on. Thus, four different fixed ratio schedules were associated with the four different categories. Bhatt and Wasserman (1987; also see Felton & Lyon, 1966) have demonstrated that the speed of making the first response and the rate of responding after the first peck are both decreasing functions of increasing response requirements in multiple fixed ratio schedules. Here, we used the rank order of rates of responding in the presence of stimuli from the four different categories as a measure of classification. Herrnstein et al. (1976) suggested that conceptual behavior allows organisms to categorize open-ended classes of stimuli (also see Keller & Schoenfeld, 1950) . Therefore, in Experiments IA, IB, 2A, and 2n, after training the pigeons with a limited number of stimuli, we tested them with novel stimuli to ensure that the classification extended to classes of stimuli rather than being confined to the particular training instances. In Experiment 3, we asked the related question: Can pigeons learn to categorize when they are trained with a large, nonrepeating set of stimuli? In other words, is repeated training with a limited set of stimuli necessary for the pigeons to learn the four-category classification task? In Experiment 4, we further explored the effects of repetition on categorization. Specifically, pigeons were trained with a limited, repeating set of stimuli while concurrently being exposed to a large, nonrepeating set of stimuli to see if categorization performance was more discriminative on the repeating set than on the nonrepeating set.
Experiment IA
In this experiment, the choice procedure was used to train pigeons to classify a set of 40 slides, which contained 10 different pictures of cats, 10 different pictures of flowers, 10 different pictures of cars, and 10 different pictures of chairs. After the pigeons learned to classify this set of 40 slides, they were tested with 40 new slides to see if the classification generalized to novel members of the four categories.
Method Subjects
Four feral pigeons (Birds 1, 2, 3, and 4) were used. They had previously been trained on intermittent reinforcement schedules in one-key Skinner boxes, but they had never before seen color slides nor had they been in a choice experiment. Throughout the study, the pigeons were housed in individual cages in a room in which the lights were turned on at 7 a.m. and off at 9 p.m. daily. The birds were maintained at 85% of their free-feeding body weights. Unlimited water and grit were provided daily in their home cages.
Apparatus
A 29 X 38 X 38-cm Skinner box, located in a room with white noise, served as the experimental chamber. Through an opening in the wall behind the intelligence panel of the box, a Kodak Carousel slide projector (Ektagraphic III E, with a 76 mm/3.5 Ektagraphic FF lens and a GE EXR 82 Vdc bulb run through a rheostat) presented slides on a 7 X 7-cm plastic viewing screen, located 10 cm from the top edge and 14 cm from each of the side edges of the intelligence panel. A mechanical shutter (Lafayette Instruments Model No. 43016) mounted on the projector lens controlled the duration of stimulus presentation. Located diagonally 2.3 cm from each corner of the screen was a 1.9-cm diameter key. Behind each of these four keys was mounted a miniature projector containing a GTE 6ESB lamp (5 Vdc). When these lamps were on, the top left key produced an orange field (3.2 Ix), the top right key produced a white field (12.9 Ix), the bottom left key produced a green field (15.1 Ix), and the bottom right key produced a red field (3.2 Ix). A microswitch behind each of these keys required a force of at least 0.05 N for activation.
Responses to the viewing screen of at least 0.05 N force operated a microswitch behind the intelligence panel above the screen. A CM 44 lamp (5 Vdc), 6.5 cm above the screen and encased in a housing that directed the light toward the ceiling of the chamber, served as the houselight. A 5.0 X 6.3-cm opening in the intelligence panel, 5.8 cm below the screen, allowed the pigeons access to the food hopper containing mixed grain. During reinforcement periods, the only illumination in the chamber was from an ESB 24 lamp (24 Vdc) inside the hopper opening. A PDF 8/A computer (Digital Equipment Corporation) provided the experimental control and data collecting facility.
Stimuli
Eighty color slides-20 each of cats, flowers, cars, and chairswere used in this experiment. The stimulus objects were photographed using a 35-nim SLR Pentax Superprogram camera. Every attempt was made to capture a wide variety of exemplars from each category. The slides in each category differed from each other in the size, color, brightness, orientation, location, and context of the stimulus object(s). In some of the slides, the stimulus objects were partially obscured; in others, the whole object was visible. Half of the slides from each category were used in the learning phase of the experiment, and the other half of the slides were used in the generalization tests.
Procedure
Pretraining. The initial part consisted of training the pigeons to peck the viewing screen when it was illuminated. Daily sessions consisted of 40 trials. After either a 5-, 10-, or 15-s intertrial interval (ITI), each having an equal probability of occurring, the carousel advanced once, and the shutter opened to illuminate the screen. Throughout pretraining, there were no slides in the carousel, and the screen was illuminated with white light. When the pigeon completed the required number of responses on the screen or after a time period elapsed, the shutter closed and the pigeon was allowed 2.5-s access to food. The required number of responses was gradually increased from 1 to 10 pecks, and the time period was increased from 10 to 25 s. At the end of 5 days of such training, all of the pigeons had learned to peck the screen 10 times within 25 s.
The next phase involved training the pigeons to peck one of the four corner keys that was randomly illuminated after the bird had completed the required number of screen pecks (or after the 25-s time period elapsed). The trials were the same as in the initial phase, except that at the closing of the shutter, one of the four corner keys was illuminated. Each corner key had a .25 probability of being illuminated. A single peck to the illuminated corner key darkened the key and allowed the pigeon 2.5-s access to food. At the end of 24 days of such training, all pigeons were reliably pecking the screen (15 times) and the subsequently presented corner keys (once).
Learning. After pretraining, the pigeons were trained to classify a set of 40 slides: 10 from each of the four categories, cats, flowers, cars, and chairs. The pigeons were trained to peck one of four corner keys in the presence of slide's depicting cats, a second in the presence of slides depicting flowers, a third in the presence of slides depicting cars, and a fourth in the presence of slides depicting chairs. The assignment of keys to categories was different for each bird and was counterbalanced in such a way that, across the 4 birds, each key came to represent each of the categories.
Each daily 40-trial session started with the houselight coming on, followed 50 s later by the first trial. After an ITI (programmed as in pretraining), the carousel advanced once and the shutter opened to display a slide on the screen. The slide was displayed for 30 s or until the pigeon pecked the screen (hereafter referred to as the observing response) a certain number of times. The observing response requirement was 10 on Days I to 10, 15 on Days 11 to 15, and 20 from Day 16 onward. The shutter then closed, and the four corner keys were simultaneously illuminated. A peck to the correct key (depending upon the category of the slide depicted on the screen) darkened all keys and allowed the pigeon 2.5-s access to food. For the first 10 days of training, an incorrect key peck resulted in a 2.5-s blackout in the chamber, followed by the next ITI. Starting on Day 11, correction trials were instituted. A peck to an incorrect key resulted in a 5-s blackout, after which the shutter opened again to display the same slide. This process was repeated until the pigeon pecked the correct choice key. Such correction trials were not included in the daily total of 40 trials.
For the first 50 days of training, two slide trays-A and B-were used to display the 40 training slides. The two trays differed from each other in the order of slide presentation. In each tray, the 40 slides were arranged randomly, with the restriction that every block of four trials contained one slide from each category. Birds 1 and 2 were trained in the tray order ABAB . . . AB; Birds 3 and 4 were trained in the order BABA ... BA. From Days 51 to 60, two new slide orders-Trays C and D-were used to ensure that the birds' discrimination performance was not specific to Trays A and B.
Generalization tests. Forty novel stimuli-10 different slides from each of the four categories-were used in these tests. On Days 61 and 66, two new slide trays-X and Y-were used, each containing 20 old (training) and 20 new (generalization) slides. The orders of slide categories in Trays X and Y were the same as in Trays A and B, respectively; but the slides in X and Y were arranged so that each block of four contained two old and two new slides. The exceptions were the first and second blocks: The first block had all old slides, and the second block had all new slides. Old slides were arranged in the first block in order to set the context of the categorization task for the test session; to maintain a balance in the distribution of old and new slides, the second block contained all new slides. Also, each block of eight slides contained one new and one old slide from each of the four categories. On Day 61, Birds 1 and 3 were tested on Tray X while Birds 2 and 4 were tested on Tray Y. On Day 66, each bird was tested on the tray on which it had not been tested previously. On Days 62 to 65, the birds were retrained on Trays C and D to test for any decrement in performance that may have resulted from the first generalization test. There was no decrement.
Behavioral measure. Both during learning and during generalization testing, the behavioral measure used was the percentage of trials in which the correct key was chosen. Only the first presentation of a slide in a session was used in the calculation of the percentage of correct choice responses (i.e., correction trials were excluded).
Results and Discussion

Learning
The mean percentages of correct choice responses, averaged over 5-day blocks, are shown in Figure 1 . The plotted values are the mean scores of the 4 birds averaged across the four categories. Performance was initially nondiscriminative and remained at or near the chance level of 25% in the first three blocks; performance rose steadily thereafter, with the mean score in the last 5-day block equal to 67%. A Category x Block analysis of variance (ANOVA) performed on these data revealed a significant block main effect, F(l[, 33) = 21.91, p < .001. Also, choice accuracy did not differ significantly among the categories. This conclusion was supported by a nonsignificant category main effect, F(3, 4) <1, and by a nonsignificant Category X Block interaction, f\33, 99) <1. Moreover, there was no drop in accuracy with the introduction of two new slide orders on Day 51: The mean score on Days 51 and 52 (when the birds were first trained on the new slide orders C and D) was 66% compared with the mean score of 65% correct on Days 49 and 50 (when the birds were last trained on the old slide orders A and B). Thus, the birds' performance was not specific to Trays A and B. Table 1 presents the percentages of correct choice responses of the pigeons to the old and new stimuli during the two generalization tests. Except for Bird 4 on the new stimuli during Test 2, every bird showed 45% or higher performance on both the old and the new stimuli on both of the tests. With chance performance at 25% and N = 20, statistical significance on one-tailed binomial tests at the .05 and .01 levels is reached at 45% and 55% correct responding, respectively. (A one-tailed test was used because we were interested only in greater-than-chance performance.) Averaged across the 4 birds and the two tests, correct choice performance was 64% for the old stimuli and 58% for the new ones. Table 2 presents the percentages of correct choice responses for each category, averaged across the 4 birds, for each of the trays (X and Y). Except for old car slides in Tray X, performance was significantly higher than chance on both the old and the new slides from all four categories on both of the tests (p < .05).
Generalization
The results of this experiment thus lead to the following conclusions: (a) The pigeons learned to classify the 40 training slides on the four-key choice task, (b) There were no significant differences in learning among the categories in terms of choice accuracy. And (c) although there was some sign of generalization decrement, the pigeons' classifications extended to the 40 new exemplars from the four categories. These and other results will be discussed more fully later.
Experiment IB
In this experiment, a modified four-key choice procedure was used once again to see if pigeons can concurrently classify stimuli from four different categories. This attempt to replicate the results of Experiment 1 A also enabled us to develop a more efficient procedure for training pigeons on a four-key choice task. Three major features of the procedure used in Experiment 1 A were modified. In Experiment IA: (a) Correction trials were in effect only from Day 11. (b) On each trial, the pigeon was allowed to make a choice response at the end of 30 s from the opening of the shutter, even if it had not completed the observing response requirement. And (c) the choice response was made in the absence of the slide image on the screen. In the present experiment: (a) Correction trials were in effect from Day 1. (b) The birds were forced to complete the required number of observing responses on the screen before the choice keys became available. And (c) the choice response was made in the presence of the slide image on the screen.
Method Subjects
Four pigeons (Birds, 5, 6, 7, and 8) , housed and maintained in the same manner as those in Experiment IA, were used. These pigeons had learning histories similar to those in Experiment IA.
Apparatus
The experimental chamber was an exact duplicate of the one used in Experiment 1 A, but the mechanical shutter was removed from the projector lens. Blank slides alternated with the training slides in the carousel, allowing us to keep the viewing screen dark during the ITIs. A Sonalert auditory system (Model No. SC628, 5 Vdc) mounted behind the intelligence panel was used to produce a tone in the chamber.
Stimuli
The same 40 slides in the learning phase of Experiment IA were used in the learning phase here; the same 40 new slides in the generalization tests of Experiment IA were used in the generalization tests here.
Procedure
Pretmining. The pretraining phase of this experiment was the same as that of Experiment IA, except that the birds were trained to peck the screen when a colored slide image was presented on it. For this purpose, in the place of white illumination of the screen during pretraining in Experiment IA, slides of a multicolored pie chart were presented. At the end of 18 days of such training, all birds were reliably pecking the colored pie charts depicted on the screen (30 times) and the subsequently presented corner keys (once).
Learning. As in Experiment IA, the learning phase here consisted of training the pigeons to peck one of the corner keys in the presence of slides from one category, to peck a second corner key in the presence of slides from a second category, and so on. The assignment of keys to categories for each bird was the same as that of the corresponding bird in Experiment IA.
Daily 40-trial sessions began with the houselight coming on, followed 50 s later by the first trial. After an ITI (programmed as in Experiment 1 A), the carousel advanced once to display a slide on the screen. Unlike Experiment IA, the birds were then forced to complete a certain number of observing responses on the screen. Then, the four corner keys lit up, the tone sounded in the chamber, and the birds were allowed to make a choice response to one of the corner keys. The tone was used to ensure that the illumination of the four choice keys (at the completion of the observing response requirement) did not go unnoticed due to the continued presence of the slide image on the screen. If the bird made the correct choice response, the tone was switched off, the corner keys were darkened, the screen was darkened by advancing the carousel once, and the pigeon was allowed 2.5-s access to food. If the choice was an incorrect one, the tone was switched off, the corner keys were darkened, and the bird had to make another set of observing responses before the tone again sounded and the corner choice keys became illuminated and operational. This process was repeated until the bird made the correct choice response. Thus, each time a slide was presented, its image remained on the screen until the bird made the correct choice response. The correction trials were in effect from the beginning of training. The observing response requirement was 15 on Days I to 10, 20 on Days 11 to 15, and 30 thereafter. Slide Trays A, B, C, and D (see Method section in Experiment IA) were used during the 30 days of classification training. Birds 5 and 6 were trained in the order ABCD . . . AB; Birds 7 and 8 were trained in the order CDAB ... CD.
Generalization tests. As in Experiment 1 A, two 40-trial sessions, each consisting of the presentation of 20 old and 20 new slides, comprised the generalization tests. Trials during the tests were the same as during training. On Day 31, Birds 5 and 7 were tested on Tray E, while Birds 6 and 8 were tested on Tray F. On Day 34, each bird was tested on the tray on which it had not been previously tested. Trays E and F contained two new random slide orders (i.e., different from the orders A, B, C, and D used during training), subject to the same constraints that applied to Trays X and Y in Experiment IA. On Days 32 and 33, Birds 5 and 6 were retrained on Trays A and B and Birds 7 and 8 were retrained on Trays C and D in order to see if the first generalization test had disrupted performance on the set of old training slides. As in Experiment IA, there was no performance decrement.
Dependent measure. The dependent variable during both the learning and the generalization test phases was the same percentage of correct choice response measure used in Experiment 1 A.
Results and Discussion
Learning
The mean percentages of correct choice responses, averaged over 5-day blocks, are plotted in Figure 1 . As can be seen, performance was initially nondiscriminative but rose rapidly and reached a mean of 76% in the sixth 5-day block. The birds reached this (higher) level of performance in half the time taken by the birds in Experiment IA (see Figure 1) . As in Experiment IA, the block main effect in a Category x Block ANOVA was significant F(5, 15) = 39.01, p < .001. Also, there were no significant differences among the categories in terms of overall choice accuracy, F(3, 9) = 2.52, p > .05, or as a function of training blocks, F(15, 45) = 1.53, p > .05. Table 3 presents the correct choice percentages of individual birds to the old and the new stimuli presented during the two generalization tests. All birds showed significantly greaterthan-chance performance (p < .05 on a one-tailed binomial test) on both old and new stimuli on both tests. Averaged across all birds, all categories, and both tests, choice accuracy was at 81% on the old stimuli and at 64% on the new ones. Table 4 gives the generalization test data according to categories; it presents the percentages of correct choice responses to the four categories in Trays E and F, averaged across all of the birds. Except for new cat slides in Tray E, old and new slides from all categories were responded to at significantly higher-than-chance levels (p < .05).
Generalization
This experiment was an attempt to replicate Experiment 1 A using a different four-key choice procedure. The procedure used here resulted in the pigeons' learning the four-category classification task in half the time taken by the birds in Experiment IA. Moreover, there were no significant differences among the four categories in terms of choice accuracy.
Also, it is clear that the pigeons' classifications generalized to the 40 new slides, even though performance on the new slides was somewhat less discriminative than on the old ones. Thus, the results of Experiment IA were replicated here, using a more efficient choice procedure.
Further evidence that pigeons can master and generalize a four-category classification task comes from the results of two experiments in which we developed the multiple fixed ratio (FR) schedule procedure. Because there were few differences between the experiments, these paired experiments are reported together next. 
Method Subjects
Eight pigeons-four each in Experiments 2A (Birds 9, 10, 11, and 12) and 2e (Birds 13, 14, 15, and 16)-housed and maintained as those in Experiment 1 A, were used. They had similar learning histories to birds in Experiment 1 A.
Apparatus
The apparatus was the same as in Experiment IB.
Stimuli
The same 40 old and 40 new slides used in Experiments U and 1B were used in the learning and generalization test phases of these experiments.
Procedure
Pretraining: Experiment 2\. The initial phase consisted of training the birds to peck at the corner keys when they were illuminated. After an ITI (programmed as in Experiments IA and IB), one of the corner keys was illuminated. Each corner key had a probability of .25 of being illuminated on a trial. When the bird pecked the illuminated key once or after a time period passed, the key light was switched off, and the pigeon was allowed 2.5-s access to food. The time period was gradually moved up from 10 s to 10 min. At the end of 10 days of such training, all of the birds were reliably pecking the illuminated corner keys.
The next phase consisted of training the pigeons to peck at the illuminated screen after the comer key peck. The trials were the same as in the previous phase, except that when the pigeon pecked the illuminated corner key, the key light was switched off, and the carousel advanced to display white light on the screen. When the bird completed a required number of responses on the screen or after a time period elapsed, the projector moved forward to darken the screen (blank dark slides were used for this purpose), and the pigeon was allowed 2.5-s access to food. The response requirement was gradually increased from 1 to 20 pecks, and the time period was gradually increased from 10 s to 10 min. At the end of 10 days of such training, all birds were reliably pecking the illuminated comer key (once) and the subsequently illuminated screen (20 times).
In the next phase, mixed fixed ratio schedules were used to progressively train the pigeons to complete the response requirements of the multiple fixed ratio schedule used during the learning phase. The trials were the same as before, except that the required number of screen pecks was determined by a four-ply mixed schedule. The order in which the components of the mixed schedule were in effect was randomly determined, with the restriction that each of the four components was in effect on one trial in each block of four. For the first 2 days, FR 20, FR 40, FR 60, and FR 80 were the components of the mixed schedule; on the next 2 days, FR 20, FR 60, FR 100, and FR 140 were the components; on the next 2 days, FR 20, FR 80, FR 140, and FR 200 were the components. On the last day, in order to train the pigeons to peck at colored slide images on the screen, Tray A (see Method section in Experiment IA) was used to present the 40 training slides, with a FR 2 schedule of reinforcement in effect.
Pretraining: Experiment 2~R. Pretraining here was the same as in Experiment 2A, except for the following changes: (a) Images of a colored pie chart were used in the place of white screen illumination, (b) The three sets of mixed schedules were in effect for only 1 day each. And (c) there was no FR 2 schedule training on the last day, because the birds were already accustomed to pecking colored slide images on the screen.
The same procedure was adopted in Experiments 2A and 2B to train pigeons on the multiple fixed ratio schedule during the learning phase. This procedure is described next.
Learning. As mentioned above, a multiple fixed ratio schedule was used to train pigeons on the four-category classification task. The four components of this multiple schedule-FR 20, FR 80, FR 140, and FR 200-were each associated with one of the four categories: cat, flower, car, and chair. As in the choice procedure, the assignment of fixed ratio schedules to categories was different for each bird and was counterbalanced so that across the 4 birds in each of Experiments 2A and 2e, each ratio schedule came to be associated with each category.
Daily 40-trial sessions began with the illumination of the houselight, followed 50 s later by the first trial. After an ITI, one of the four corner keys was illuminated, each with a probability of .25. A peck to the illuminated key resulted in the darkening of the key followed by a carousel advance to display one of the 40 training slides. Depending upon the category of the displayed slide, one of the four fixed ratio schedules came into effect The fixed ratio schedules were programmed to begin 1 s after the corner key peck, because it took that long for the slide image to appear on the screen after the corner key peck triggered the advance of the projector. The comer key peck was required to ensure that the bkd was in the vicinity of the screen when the slide was projected on it, thereby allowing a purer measure of the time taken to complete the first 20 responses (see ahead). When the pigeon completed the fixed ratio requirement, the carousel advanced to darken the screen, and the pigeon was allowed 2.5-s access to food.
In Experiment 2A, Trays A and B were used to train the pigeons for the first 12 days of training. Birds 9 and 10 were trained in the order ABAB...AB; Birds 11 and 12 were trained in the order BABA...BA. On Days 13 and 14, all birds were trained on Trays C and D to see if their performances were specific to Trays A and B. In Experiment 2s, Trays A, B, C, and D were used during the 16 days of training: Birds 13 and 14 were trained in the order ABCD...ABCD, while Birds 15 and 16 were trained in the order BADC...BADC.
Generalization tests. As in the choice procedure, generalization testing consisted of two sessions in each of which 20 new and 20 old slides were presented to the birds. Experiment 2\: On Day 15, Birds 9 and 11 were tested on Tray E, and Birds 10 and 12 on Tray F; on Day 20, each bird was tested on the tray on which it had not been tested previously. On Days 16 to 19, the birds were retrained on Trays C and D to test for any decrement in performance that may have resulted from the first generalization test. There was no decrement. Experiment 2B: On Day 17, Birds 13 and 15 were tested on Tray E, and Birds 14 and 16 on Tray F; on Day 18, each bird was tested on the tray on which it had not been tested previously. As indicated above, Trays E and F contained two new random slide orders, subject to the same constraints that applied to Trays X and Y in Experiment U.
Behavioral measure. The time taken to complete the first 20 screen responses in each trial was used to compute an index of classification. The slide orders in Trays A, B, C, and D were such that each of the four fixed ratio components of the multiple schedule was in effect on one trial in each block of four. Thus, in each block, we could rank order the categories in terms of the time taken to complete the first 20 responses in their presence. In terms of this rank order, correct classification would consist of the FR 20 category occupying the first position (shortest duration), the FR 80 category occupying the second position, the FR 140 category occupying the third position, and the FR 200 category occupying the fourth position (longest duration). Thus, in each session, the rank-order score for each category was defined as the percentage of times in the 10 blocks that the category occupied its designated position in the rank order.
As in the case of the percent correct choice scores used in Experiments 1A and 1 B, each bird's rank-order score on a given category on a given day could be 0% or 10% or 20%.. .or 100%. However, unlike the percent correct choice scores, an error on a category in a particular block implies an error on at least one other category in that block. Thus, the rank-order measure might have underestimated the birds' performance on the categorization task. Although conservative in this way, the rank-order measure did provide a rough comparison to the percent correct scores on the choice task. Additionally, by rankordering within each block of four trials, we minimized the contaminating influence of factors such as warm-up effects and satiation, which may have differently affected the time taken to complete the first 20 responses as a function of time into a session.
During generalization tests, rank orders were determined separately for the old and the new slides. In Trays E and F, every set of eight slides contained one old and one new slide from each category. For the purpose of rank-ordering, the set of four old slides and the set of four new slides were treated as separate blocks, and the rank-order scores were calculated separately from them. Thus, the rank-order score for the old (or new) slides in each category was the percentage of times in the five old (or new) blocks that the category occupied its designated position. During both learning and generalization testing, blocks of trials in which proper rank-ordering was not possible due to ties were discarded for the purposes of calculating the rank-order scores. (Fortunately, ties were extremely rare.) In the case of Bird 15 in Experiment 2B, the latency to make the first response was used (instead of the time taken to complete the first 20 responses) to calculate the rank-order scores because, during both learning and generalization testing, performance according to the latency measure was consistently more orderly than was performance according to the time taken to complete the first 20 responses. and 12 (when the two old slide orders A and B were last in effect) were both at 82% correct. Thus, the birds' performance was not specific to Trays A and B.
Results and Discussion
Learning
Generalization
Mean rank-order scores of the pigeons on old and new stimuli during the two generalization tests are presented in ' The actual times taken to complete the first 20 screen responses indicate that the birds had learned the categorization task. By the last block of training (Block 7 in Experiment 2A and Block 8 in Experiment 2B), the time taken to complete the first 20 responses was a strictly increasing function of the FR requirement. Given below are the actual times taken to complete the first 20 screen responses. These values are the means of the four birds in each of Experiments 2A and 2B, and their orders of presentation correspond to FR20 first, FR80 second, FR140 third, and FR200 fourth. Experiment IA: Block 1 = 20.28, 13.24, 16.15, and 17.22 s; Block 7 = 6.57, 12.30, 57.50, and 236.65 s. Experiment 2«. Block 1 = 9.92, 10.18, 11.82, and 13.42 s; Block 8 = 5.67, 7.28, 13.68, and 36.18 s. These mean scores are highly representative of individual bird scores: For 7 out of 8 birds (Bird 15 being the exception), the time taken to complete the first 20 responses was a strictly increasing function of the FR requirement by the last block of training. 
Discussion of Experiments IA, IB, 2 A, and 2s
In the experiments described so far, a choice procedure and a multiple schedule procedure were used to train pigeons on a four-category classification task. The results led to the following major conclusions: (a) The pigeons learned to categorize the 40 training slides, comprising 10 different examples from four different stimulus classes (cat, flower, car, and chair), (b) The classifications generalized to the 40 new slides, even though performance on the new slides was generally less discriminative than was performance on the old ones. And (c) there were no significant differences among the categories in terms of either classification learning or generalization performance.
Evidence supporting the conclusion that there were no differences among the categories in terms of classification learning was presented earlier in Experiments IA and IB; generalization data from these experiments also revealed no significant differences among the categories. A Stimulus (old, new) x Category (cat, flower, car, chair) ANOVA performed on generalization data from Experiments IA and IB showed that the category main effect and the Stimulus x Category interaction were nonsignificant: category, F(3, 21) = 1.24, p > .05; Stimulus x Category, F(3, 21) = 1.78, p > .05. These results demonstrate that pigeons are capable of simultaneously classifying stimuli from four different categories. Moreover, contrary to previous reports (Herrnstein, 1985) , the pigeons performed equally discriminatively on "artificial" (car and chair) and "natural" (cat and flower) categories.
The generalization tests also revealed signs of generalization decrement in the pigeons' performance, even though performance on the new slides was at greater-than-chance levels (see Tables 1-8 ). Averaged across the 16 birds in Experiments 1 A, IB, 2A, and 2B, performance on the old and new slides was 73% and 59% correct, respectively. For 14 out of the 16 birds (the exceptions were Birds 2 and 13), categorization performance on the new slides was less discriminative than was performance on the old ones. A Stimulus (old, new) x Procedure (choice, multiple) ANOVA performed on these data revealed only a significant stimulus main effect: F(l, 14) = 25.27, p < .001. Hence, it is clear that the pigeons' categori-* p < .05 and ** p < .01 by one-tailed binomial test, N = 20; chance performance is 25% correct. 2 The following were the rank-order scores of Bird 15 when its scores were compiled using the time taken to complete the first 20 responses. Tray E: old = 55%; new = 50%. Tray F: old = 20%; new = 45%. Any model of categorization applied to these tasks must, therefore, be able to account for generalization decrement. One of the key differences among models of categorization has been in their assumptions about the nature of stored information used during generalization testing. C. L. Morgan (1894) argued that "Conception is not concrete, particular, and individual, but abstract, general, and of universal application" (p. 263). But both general-information-based and specific-information-based models of categorization have been proposed (see Estes, 1986; Hintzman, 1986; Homa, 1984) . In this article, prototype models will be used as examples of general-information-based models; many of the same arguments apply to other general-information-based models, such as feature-frequency models. Prototype models assume that experience with numerous exemplars of a category during initial training leads to the abstraction of some category-level information and that this generic information forms the basis for the classification of new stimuli; it is supposed that a new stimulus should be classified as belonging to that category whose prototype it most resembles. In contrast, exemplar models assume that categorization occurs on the basis of individual exemplar memory; it is supposed that individual stimulus-response connections are formed during initial training and that a new stimulus will be classified as belonging to that category whose individual member(s) it most resembles. From the perspective of prototype models, generalization decrement occurred in the present experiments because the new stimuli differed more from the abstracted prototypes than did the old stimuli. In other words, the initial classification training must have biased the prototypes to be more similar to the training slides than to the new ones (Hintzman, 1986) . From the perspective of exemplar models, the generalization decrement occurred because the new stimuli differed discriminably from the remembered old ones, although the new stimuli were evidently similar enough to the old ones to produce greater-than-chance levels of test performance. Vaughan and Greene (1984) have demonstrated that pigeons are capable of remembering at least 320 individual slides. Therefore, in the present experiments, it is quite possible that the pigeons learned to respond individually to the 40 training slides and later responded to the new slides on the basis of "simple stimulus generalization" (Lea, 1984) . The question that immediately follows is this: Can pigeons learn to categorize in a situation where there is very little possibility for them to learn to respond individually to all of the training stimuli? This issue was explored in the next experiment.
Experiment 3
As in the previous experiments, pigeons in this investigation were trained on a four-category classification task. But, unlike in those experiments, a large, nonrepeating set of slides was used here to present category exemplars so as to minimize the possibility of the pigeons learning to respond individually to all of them (see Herrnstein & Loveland, 1964; Herrnstein et al., 1976; Schrier & Brady, 1987) . Specifically, the stimulus set consisted of 2,000 different slides-500 from each of the four categories, person, flower, car, and chair-and each slide was presented only once throughout the experiment. Two groups of pigeons were trained: One group was given the choice task used in Experiment IB, and the other group was given the multiple schedule task used in Experiments 2A and 2B.
Method Subjects
Eight experimentally naive pigeons (Birds 17, 18, 19, 20, 21, 22, 23, and 24) , housed and maintained as those in prior experiments, were used.
* p< .05 and ** p < .01 by one-tailed binomial test, N = 20; chance performance is 25% correct.
Apparatus
Stimuli
As indicated earlier, 2,000 different slides-500 from each of the categories of person, flower, car, and chair-were used in this study. The category cat used in previous experiments was replaced by the category person because it was not possible to photograph 500 different cats. As in previous experiments, the stimulus objects were photographed using a 35-mm Pentax Superprogram camera, and every attempt was made to capture a wide variety of different exemplars from each category.
Procedure
Pretraining. The pigeons were first trained to eat from the food hopper. They were then trained to peck at the screen whenever it was illuminated and at the four corner keys whenever they were illuminated. Daily sessions consisted of 40 trials. After a 40-s ITI, either the carousel advanced once and a colored pie chart slide image appeared on the screen, or one of the four corner keys lit up. Whereas the screen had a probability of .500 of being illuminated, each corner key had an illumination probability of .125. When the pigeon completed a required number of responses on the illuminated screen (or key) or after a certain time period elapsed, the carousel advanced once to darken the screen (or the key was darkened), and the pigeon was allowed 2.5-s access to food. The required number of responses was gradually increased from 1 to 30 pecks, and the time period was gradually increased from 8 s to 10 min. At the end of 11 days of such training, all of the pigeons were reliably pecking the screen and the corner keys when they were illuminated.
Learning. The choice birds (» = 4) were trained on the choice procedure used in Experiment IB, but the following changes were made: (a) For each bird, the key associated with the person category was the one associated with the cat category for its corresponding bird in Experiment IB. And (b) the observing response requirement was 30 from Day 1. The multiple-schedule birds (n = 4) were trained on the multiple schedule procedure used in Experiments 2A and 2B. But for each bird the fixed ratio associated with the person category was the one associated with the cat category for its corresponding birds in Experiments 2A and 2n.
As indicated earlier, each slide from the pool of 2,000 was shown to a pigeon only once throughout the 50 days of classification training. On each day, the 40 slides (10 from each category) shown to the pigeons were selected randomly from the set of slides not previously shown to the pigeons. All pigeons were trained in the slide tray order ABCDEF...AB.
Dependent measures.
For the choice group, the percentage correct choice measure used in Experiments IA and IB served as the index of categorization. For the multiple-schedule group, the percentage correct rank-order measure used in Experiments 2A and 2s served as the index of classification. Figure 3 plots the mean percentage correct choice scores of the choice group and the rank-order scores of the multipleschedule group. For each group, the values plotted are its mean 5-day block scores averaged across the four categories. The choice group's performance rose from 24% in the first block to 70% in the last block; the multiple-schedule group's performance correspondingly rose from 33% to 60%. A Block x Category ANOVA performed on the choice group's data revealed that the block main effect was significant, h'(9, 27) = 60.05, p < .001. Neither the category main effect, F(3, 9) = 2.24, p > .05, nor the Block x Category interaction, F(27, 81)= 1.57, p > .05, was significant, suggesting that the pigeons performed equally well on all of the categories. Also, a singlefactor ANOVA performed on the multiple-schedule group's data revealed a significant block effect, F(9, 27) = 5.17, p < .001. Moreover, all of the birds reached higher-than-chance levels of performance on all of the categories. Evidence for this conclusion was obtained from the analysis of two-session performance. In every pair of consecutive sessions, 20 slides from each category were presented to the pigeons. Given these 20 slides and chance performance at 25%, significance on one-tailed binomial tests at the .05 and .01 levels is reached at 45% and 55% correct responding, respectively. We looked for the first pair of consecutive sessions in which the birds met these performance criteria on all four categories. All birds in both groups met these multiple performance criteria. (The means were 27.25 sessions for the choice group and 13.50 sessions for the multiple-schedule group to reach the multiple .05 criterion; they were 37.00 sessions for the choice group and 21.00 sessions for the multiple-schedule group to reach the multiple .01 criterion.)
Results and Discussion
These results demonstrate that repetitive training with a limited number of stimuli is not necessary for the pigeons to learn a four-category classification task. Pigeons can master a four-category classification task even when there is very little possibility of their remembering all of the training stimuli. One question that follows is this: Was categorization here prototype based or exemplar based? Homa, Sterling, and Trepel (1981; also see Homa, 1984) have argued that human categorization is prototype based rather than exemplar based when large numbers of exemplars are used during classification training, as in the present experiment. Although this may be true in the case of pigeons also, the results of the present experiment do not unequivocally distinguish between exemplar and prototype models (see Discussion ahead).
Although exemplar models explicitly assume that categorization is based on individual stimulus information, even prototype models do not suggest that all individual stimulus information is lost (Homa et al., 1981) . Given that a large, nonrepeating set of stimuli was used in this experiment, if the pigeons remembered individual stimuli, it is likely that, on a given day, they remembered some or all of the slides presented to them on the previous day. We tested this possibility after the conclusion of this experiment: On Day 51 (i.e., the day after the last day of the training described above), the choice birds were tested on a slide tray containing an admixture of 20 of the 40 slides that were presented to them on Day 50 plus 20 new slides. Table 9 shows the pigeons' performance. As can be seen, performance on the new slides was at about the same level as was performance on the Day 50 slides.
Thus, we found no evidence for higher levels of performance on repeated stimuli in the follow-up experiment. However, we saw that the pigeons performed more discriminatively on old (repeated) stimuli than on new ones during generalization testing in prior experiments (1 A, 1 B, 2A, 2s). Therefore, in the next experiment, we further and more systematically examined the effects of repetition on categorization in pigeons.
There were at least two factors that may have contributed to this difference in results: (a) Birds in Experiment 3 were trained with a large, nonrepeating set of stimuli before repetition was introduced, whereas birds in Experiments IA, IB, 2A, and 2B were repeatedly trained with a limited number of stimuli from the beginning. And (b) the numbers of repetitions were very different in the two cases (only 1 in Experiment 3 and at least 14 in the earlier experiments). Therefore, it is possible that repetition would not enhance performance if pigeons were concurrently trained with nonrepeating sets of stimuli and/or if the stimuli were repeated only once. Hence, in the present experiment, pigeons were repeatedly trained with a limited number of stimuli while also being exposed to a large, nonrepeating set of stimuli.
Specifically, a set of 40 slides-10 each from the categories person, flower, car, and chair-was chosen at random from the pool of 2,000 different slides used in Experiment 3. Pigeons were trained on this set in "repeat" sessions which alternated with "nonrepeat" sessions in which the pigeons were trained on new sets of stimuli. In other words, the pigeons were trained on the repeating 40-slide set on Days 1, 3, 5, ...95 while being exposed to novel 40-slide sets of stimuli on Days 2, 4, 6,...96.
Method Subjects
Four experimentally naive pigeons (Birds 25, 26, 27, and 28) , housed and maintained as in prior experiments, were used.
Experiment 4
The effects of repetition on human memory are well documented. For instance, it is known that prior presentation of a stimulus facilitates its later identification (see Salasoo, Shiffrin, & Feustal, 1985) . In a categorization task, Jacoby and Brooks (1984) found that a single presentation of a stimulus during training led to higher performance with similar stimuli during generalization testing even 24 hr after training (also see McQelland & Rumelhart, 1985) . Apparently inconsistent with these results, repetition did not lead to consistently higher categorization performance in the brief investigation that followed Experiment 3. However, we saw in all of the earlier experiments that the birds' categorization performance was more discriminative on old (repeated) stimuli than on new (test) ones. 
Apparatus
Stimuli
Forty slides chosen at random from the 2,000 used in Experiment 3 served as the repeat set; nonrepeat slides (1,920 altogether, comprising 48 sets) were chosen at random, without replacement, from the remaining 1,960 slides.
Procedure
Pretraining. Pretraining was the same as in Experiment 3. At the end of 15 days of pretraining, all birds were reliably pecking at the screen and at the corner keys when they were illuminated.
Learning. The choice procedure used with the choice group in Experiment 3 was used to train the pigeons on the four-category classification task. As indicated earlier, the 40 repeat slides were shown in different randomized orders on Days 1, 3, 5,...95, while different novel sets of 40 slides were shown on Days 2, 4, 6,...96. All pigeons were trained in the following slide tray order: ABCDEF-FEDCBA...AB.
Dependent measure. The percentage correct choice measure used with the choice group in Experiment 3 was used here. values plotted are 4-day block mean scores averaged over the 4 birds. Two major results are evident: (a) Discriminative performance on the repeat slides rose more rapidly than performance on the nonrepeat slides. And (b) discriminative performance on the repeat slides remained at a higher level even after the birds appeared to reach asymptotic levels. Averaged across the four categories, performance on the repeat set rose from 29% in the first block to 85% in the last block; performance on the nonrepeat sets rose from 26% in the first block to 66% in the last block.
Results and Discussion
A Block x Category x Stimulus (repeat, nonrepeat) ANOVA performed on these data revealed a significant block main effect, F(\\, 33) = 71.05, p < .001; a significant stimulus main effect, F(l, 3) = 54.13, p < .01; and a nonsignificant category main effect, F(3, 9) -2.22, p > .05. These main effects were qualified by significant interactions of Block x Category x Stimulus, F(33, 99) = 1.64, p < .05; Block x Category, F(33, 99) = 1.61,p< .05; Block x Stimulus,F(\\, 33) = 3.51, p< .05; and Category x Stimulus, F(3, 9) = 5.29, p<.05.
To see if the same pattern of performance was obtained in all four categories, we next examined individual category scores. As can be seen in Figure 4 , in every case, discriminative performance on the repeat slides rose more rapidly and ended at a higher asymptotic level than did discriminative performance on the nonrepeat slides. In the last block of training, repeat-set and nonrepeat-set scores were, respectively, 80% and 40% on persons, 82% and 67% on flowers, 91 % and 84% on cars, and 84% and 71% on chairs. Analysis of overall discriminative performance on each category separately, using one-tailed t tests, revealed significantly higher performance on the repeat slides in each case: person, t(2>) = 7.63, p < .01; flower, ;(3) = 3.19, p < .05; car, f(3) = 2.85, p < .05; chair, f(3) = 3.11, p < .05. This result, taken in conjunction with the significant Category x Stimulus interaction in the overall ANOVA, indicates that the differences between repeats and nonrepeats, although significant in every case, were of different magnitudes in the four categories; the difference was evidently greater for the person category than for the others.
Given that the 40 repeat slides were chosen at random from 2,000 different slides, it is unlikely that the superior performance on the repeat slides was due to their being inherently easier to categorize than the nonrepeat ones. Nevertheless, to be more confident that the results of this experiment were not due to this unlikely confounding, we retrained the pigeons on the same task, this time using a different repeat set. Specifically, the set of novel stimuli presented to the pigeons on Day 96 was used as the repeat set in a follow-up phase (Repeat Set II phase = 16 days, two blocks, each containing 4 days with repeat and nonrepeat slides). The nonrepeat sets now were the slide sets that the pigeons had seen as the nonrepeat sets in the main experiment. Thus, the nonrepeat sets consisted of slides that the pigeons had seen once before, 95 days earlier, thereby making it even more difficult for us to obtain a difference between the new repeat set and the nonrepeat sets.
The result of this follow-up investigation was similar to that of the main experiment: Categorization performance on the repeat set was more discriminative than was performance on nonrepeat sets. Individual bird's mean 4-day block scores are presented in Table 10 . As can be seen, each bird showed more discriminative performance on the repeat set than on the nonrepeat sets, and this difference can be observed even in the first block of this phase.
Table 10 also presents the results that were obtained when this second repeat set was replaced with a third (initially novel) repeat set in the final phase of this follow-up investigation (Repeat Set III phase = 16 days, two blocks, each containing 4 days with repeat and nonrepeat slides). Once again, categorization performance on the repeat set was consistently more discriminative than on the nonrepeat sets. These results indicate that the more discriminative performance seen on the repeat set in the main experiment was probably not due to that repeat set being inherently easier to categorize than the others. Moreover, the fact that repeat-set performance versus nonrepeat-set performance differences were obtained with the second and third repeat sets indicates that repetition facilitates discriminative performance even after the birds' learning of the categorization task.
Finally, to obtain some estimate of the number of repetitions necessary to facilitate categorization during the followup investigation, we looked for the first repeat day on which two performance criteria were met: (a) that the bird's categorization performance on that day was more accurate than its performance on the first exposure to the repeat set and (b) that the bird's performance on that day was more accurate than its performance on the preceding and succeeding nonrepeat days. In the Repeat Set II phase, it took 1, 1,4, and 2 repetition(s), respectively, for Birds 25, 26, 27, and 28 to meet these criteria; in the Repeat Set III phase, it took 2, 2, 2, and 1 repetition(s), respectively, for Birds 25, 26, 27, and 28 to meet these criteria. The number of repetitions necessary for the birds to meet these criteria was thus always less than the 6.00 repetitions that would be expected, by chance, to result in a repeat day that would meet these criteria. 4 These results suggest that very few (here a mean of 1.88) repetitions are necessary to facilitate pigeons' categorization performance. The major result of this experiment is thus clear Categorization performance on repeatedly seen stimuli was more accurate than was performance on novel stimuli, even though repetition occurred while the pigeons were concurrently being exposed to novel stimuli. This result is consistent with the findings of Experiments IA, IB, 2A, and 2B, in that pigeons performed more accurately on repeatedly seen stimuli than on novel ones in each case. The implications of these results for models of categorization will be discussed in the final section.
General Discussion
Do animals exhibit conceptual behavior? This question has long been controversial, especially in regard to nonprimates, such as pigeons (Herrnstein, 1984) . However, many researchers, following Herrnstein and Loveland (1964) , have demonstrated pictorial discrimination and generalization of natural object categories by pigeons, thereby providing evidence for the existence of conceptual behavior in these animals. The demonstration in the present set of experiments of fourcategory classification and generalization by pigeons provides additional evidence for their engaging in conceptual behavior. Moreover, the complexity of making many different responses to many different stimulus categories suggests that pigeons' conceptual abilities are closer to those of human beings than hitherto suspected.
In this respect, the pigeons' behavior in our experiments resembles that of the chimpanzees in the Gardner and Gardner (1985) study. There, subjects were trained to make different American Sign Language (AMESLAN) gestures to members of different object categories. When the chimpanzees were later shown novel stimuli from these categories, they made the appropriate AMESLAN responses. Thus, the chimpanzees mastered and generalized a multiple-category classification task as did our pigeons in Experiments IA, IB, IA, and 2e. Interestingly, Gardner and Gardner referred to the categories used in their study as "vocabulary items" and entitled their study "A Vocabulary Test for Chimpanzees." The fact that the present investigation formally resembled the chimpanzee study implies, therefore, that pigeons also acquired a "vocabulary," in the sense that they learned to make different categorical responses in the presence of different "category items." However, it is important to note that this "vocabulary" may differ from the kind associated with human languages in terms of acquisition, content, and function.
In addition to the use of four categories in our experiments, we developed two new methods for pigeon classification training: the four-key choice procedure and the four-ply multiple fixed ratio schedule procedure. The use of two different methods increases the generality of our findings and enables us to conduct transfer studies in the future. Such transfer studies may be important to further investigate conceptual behavior in pigeons. For instance, one can now answer the question: Does categorization training on one procedure facilitate categorization learning on a second?
Another outcome of the present experiments was that there were no notable differences between the stimulus control acquired by the artificial and natural categories in our experiments. As indicated earlier, this result contradicts Herrnstein's (1985) reported failure to teach pigeons to categorize stimuli from human-made object classes such as bottles, wheeled-vehicles, chairs, and so forth. Differences in the specific stimuli and/or procedures used to train the pigeons may account for these conflicting results.
Although Experiments IA, IB, 2A, and 2e clearly demonstrated that pigeons are capable of learning and generalizing a four-category classification, generalization performance on new stimuli was less discriminative than was performance on old (repeated) ones. Thus, repetitive training with a limited number of stimuli led to higher categorization performance on those stimuli than on novel ones. This result was also obtained in Experiment 4, even though in that experiment repetition of one set of stimuli occurred while the pigeons were being exposed to many sets of novel stimuli. Therefore, repetition leads to more discriminative performance whether or not the pigeons are concurrently being exposed to novel stimuli. However, repetition is not necessary for pigeons to learn multiple-category classification tasks. This conclusion is clear from the results of Experiment 3, in which 2,000 different, nonrepeating stimuli were used, and the pigeons still learned the four-category classification task.
In the continuing debate regarding the nature of the stored information used by human beings during categorization, Jacoby and Brooks (1984) have viewed the facilitating effects of repetition as evidence for exemplar-based processing. However, none of the present experiments was designed to distinguish between exemplar and prototype models of categorization. As discussed earlier, the results of Experiments IA, IB, 2A, and 2B are consistent with both exemplar and prototype models. Thus, it is possible that the pigeons' categorization performance in these experiments was based on individual stimulus memory of all of the training slides. The large number of nonrepeating stimuli in Experiment 3 makes it extremely unlikely (but not impossible) that the pigeons' categorization performance there was based on memory of every individual stimulus. This conclusion is also consistent with the failure of the pigeons, on Day 51 of Experiment 3's follow-up phase, to show superior performance on oncerepeated (Day 50) slides than on brand-new ones. Therefore, any exemplar model which assumes that all experienced exemplars are remembered may not apply to pigeon categorization when birds are trained with large numbers of nonrepeating stimuli. However, categorization based on individual stimulus memory of a smaller subset of the 2,000 slides used in that study is not implausible. The results of Experiment 3 are thus consistent with prototype models as well as with those exemplar models which do not assume that categorization is based upon the pigeons' memorizing every individual stimulus. The results of Experiment 4 are similar to those of Experiments IA, IB, 2A, and 2s, in that performance was more discriminative on old (repeat) slides than on new (nonrepeat) ones in both cases. Thus, as in Experiments IA, IB, 2A, and 2s, the stored information used by the pigeons in Experiment 4 during classification must have been biased toward the old (repeat) stimuli, but it is not possible to specify if this information is exemplar based on prototype based. The results of the follow-up phases of Experiment 4 do, nevertheless, make it possible to say that as few as two prior presentations of a stimulus may bias pigeons' categorization performance.
Although the nature of the information used by pigeons during categorization is unclear at this point, it is clear that pigeons can be successfully taught multiple-category classification tasks. This conclusion suggests that pigeons' conceptual abilities are far more advanced than suspected until now. We believe that the development of our two new procedures for classification training plus the empirical results of the experiments we have described in this article will be useful to further understand the nature of conceptual behavior in pigeons and in other species.
